We investigate the factors that affect total factor productivity growth in MENA countries. To this end, we start first by examining levels and trends in agricultural outputs and productivity growth using Torqnovist Indexes and then computing Malmquist Indexes for three MENA countries representing three different agro-ecological areas; irrigated (Egypt), rainfed (Tunisia) and rangeland (Jordan) over the period 1961-2012. We make use of data drawn from the Food and Agriculture Organization (FAO) dataset. The advantage of this decomposition is that allows decomposing TFP into its two components, namely technical efficiency (TEF) and technological change (TECH). The analysis was complemented by econometric regression of the obtained TECH, considered as the most important long-run driver of TFP growth, scores on a set of potential explicative variables. Turning to the determinants of the components of TECH, the paper findings showed that TFP can be increased due to the increasing in human capital, share of the main crop harvested in each country, and resource reallocation-agricultural employment share. The main implication policy of this research is that growth and determinants of TFP are essential for assessing the country past and potential economic performance, and the gains in TFP drive gains in income and growth.
Introduction
Productivity growth in agriculture and its determinants have been the subject matter for deep research over the last decades. Agricultural and development [2] examined the impact of climate variables on agricultural productivity in several MENA countries. The findings of this study suggested that precipitation, drought, and heat are considered key factors for declining the productivity of the agriculture sector. In fact, several avenues to stimulate agricultural TFP growth need in depth research to enhance agricultural production in the mentioned countries [3] [4] .
Agriculture plays an important role in the economies of most of the non-oil rich countries of the Middle East and North Africa region. Despite the fact that MENA is the most water-scarce and dry region in the world, many countries in the region, especially those around the Mediterranean Sea, remain highly dependent on agriculture [5] . Given that agricultural output growth is usually due to three factors, including area, and yield growth, and price changes, some questions thus arise about the future performances of the agricultural sectors and their potential in assuming growth. Yield growth is generated by both inputs and productivity (TFP) growth. In their study, [6] defined TFP growth as the combination of two resources: technical efficiency (TE) and technical change (TCh).
They argue that TFP growth pattern is the trade-off between TE and TCh and in order to achieve the optimal growth of this productivity, the share between these factors must be assessed and harmonized.
The study examines trends in agricultural productivity over the last six decades. Particularly, investigates the most important factors explaining the TFP growth in the agriculture sector of the mentioned countries; second estimating technical and efficiency changes and determining the magnitude of their contribution to the overall TFP growth. Besides this, other objectives of this paper will look at factors that determine TFP growth. Knowing what factors will influence TFP growth can lead to useful policy recommendations that allows enhancing and sustaining agricultural productivity growth on in the future.
The remainder of this paper is divided into six major sections. Section 2 presents the methodologies used to measure TFP, with special emphasis on the TFP indices and the main expected drivers of TFP growth. Section 3 outlines the B. Dhehibi et al. data used and its main resources. Results and discussion of the main findings on TFP measurement, TFP decomposition and TFP determinants are presented in the fourth section. Finally, Section 5 presents the conclusions and policy implications.
Productivity Measures and Methodology

Conceptual Fmework
According to [7] , there are basically two approaches to measure the TFP growth: the frontier and non-frontier approaches ( Figure 1 ). In fact, each of these approaches is further divided into parametric and non-parametric techniques. In the called frontier approach, best observed combinations of inputs-outputs are estimated and compared to the rest of the sample observations (cross sectional or time series). Observations corresponding to the best obtainable output given constant inputs and prices levels are identified in order to compare the rest of observations to the best obtainable output 1 . TFP growth as obtained from frontier approach consists of outward shifts of the production function resulting from technological progress, and from technical efficiency improvement, which are related to enhancements in farmers' technical skills through time. The non-frontier approach assumes that firms are technically efficient, and therefore technological progress determine shift in the production function or TFP growth [7] . Absence in technical efficiency in the non-frontier approach is justified by [8] which arguing that in the long-run firms learn management practices to adjust costs and inputs so approaching higher and higher levels of efficiency. The non-parametric frontier approach, which is typically statistical, evaluates firms to an average producer, and hence it is characterize as a central tendency approach. Frontier and non-frontier approaches can be estimated by parametric and non-parametric methods (Figure 1 ).
In this paper, a combination of an index method (Torqnovist-Theil Index) together with a nonparametric approach (Malmquist Index). While the Torqnovist-Theil Index allow for accounting productivity growth through both inputs and outputs indexes, the Malmquist index allow however to decompose this growth into different technological and non technological sources.
Total Factor Productivity Growth in Agriculture:
Torqnovist-Theil Index
As first step, in this research the Tornqvist-Theil index have been used to examine TFP growth through the three selected MENA countries. This following step consist on the construction of both aggregate output and input indexes. By using this framework, TFP growth is considered as equivalent to growth in tech- Approaches to Measure Total Factor Productivity Growth. Source: Own elaboration adapted from [7] .
Output index:
Input index:
TFP index:
where; R j,t is the share of output (j) in total revenue in time (t); Q j,t is the output (j) in time (t); S i,t is the share of input (i) in total input cost, and X i,t is the input (i) in time (t).
Following [14] , the TFP index, defined in the last equation, is used as an approximation of technological progress, assuming no technical inefficiency.
Total Factor Productivity Growth Decomposition: Malmquist Index
The Malmquist index for TFP calculation is a nonparametric approach which does not require parameters estimation for the DMU (Decision Making Units) and a production technology description. TFP changes over time are estimated through changes in Malmquist productivity index. The Malmquist productivity index was first introduced by [15] . The non-parametric estimation of this Index was initiated by [16] . Comparing each firm to the best practice frontier provides a measure of its efficiency and a measure of shift in the frontier (from one period to another) which is also similar to the technological progress [16] . The Malmquist index measuring the TFP change is then a product of the latter both com- 
where (t) is the initial (reference) time period and (t + 1) is the final period. The
d y x represents the distance from the period t observation to the period (t + 1) technology. Value of m 0 higher than 1 indicates a TFP growth between both periods, while a value of m 0 lower than 1 indicates a TFP decline.
The Malmquist in equation below is representing the productivity of the production point (x t+1 , y t+1 ) relative to the production point (x t , y t ). This index is in fact a geometric mean of two output-based Malmquist TFP indices; one index uses the period (t) technology and the other period (t + 1) technology. To calculate this index we then need to calculate the four component distance functions, which will involve 4 linear programs (similar to thee conducted in calculating the Farrell technical efficiency measures) (see [17] for more information). The Malmquist index is particularly used in this paper to decompose the TFP growth of the agricultural sectors in the three selected countries into technical efficiency and technology changes. This decomposition can provide more accurate information about the specific sources of TFP growth.
Understanding Factors Affecting TFP/TECH Growth
Productivity measures do not provide any information about the separate role of each of these factors. However, an understanding of the potential sources of productivity growth is important for formulating appropriate policy decisions to increase productivity and social welfare. In the literature, there are several empirical studies exploring the impact of policies and institution , or these exogenous variables on the TFPG on a number of less developed countries includes, • µ = Error term, including the rest of factors that may influence TECH and they are not considered in this equation.
The Equation (5) was estimated in logarithmic form. This log-linear form allows for estimating coefficients that can be directly interpreted as elasticities. In addition, according to [36] , the standard Ordinary Linear Squared (OLS) me-thod, if applied to non-stationary data series, that could be the case, can produce spurious regression. This form can give high R 2 , low Durbin-Watson (DW) statistics, and significant t-values of the estimated coefficients, suggesting a significant relationship between dependent and explanatory variables, when in fact they are completely unrelated. Conventionally, the factors explaining TECH are empirically analyzed by expressing variables in logarithmic form. This transformation is similar to the first differencing of variables in time series analysis frameworks. Following [37] , the transformation of these variables in logarithmic terms may guarantees a stationary data.
Data Collection and Sources of Data
Statistical data for all crops and livestock products land areas, labor, machinery, animal capital, and fertilizer consumption have been collected from the FAO's annual time series during the period 1961-2012. These statistical information have been used to build agricultural outputs and inputs databases for each country. The gathered FAO information was on Total Agricultural Output (value);
Seeds (in quantity and value); Machinery (in quantity and value); Pesticides (in quantity and value); Feed (in quantity and value); Capital stock (in quantity and value); Natural resources (water/land) (in quantity and value). The remaining and missing data was complemented, with labor data (in quantity and value) collected from Egyptian, Jordanian and Tunisian national statistical institutes.
Data on human development index were collected from the UNDP database.
Finally, the data for TFP determinant variables were collected from national and international statistical sources such as the case of human development index, and the road density.
Results and Discussion
Törnqvist Output, Inputs, and Total Factors Productivity Indexes
In the section below, we illustrate the principal findings issued from the Tornqv- 
Jordanian case
The annual average growth rates in the total output index (TOI), total input index (TII) and total factor productivity index (TFPI) between 1966 and 2012 are shown in the Figure 4 . The results estimated for individual years appeared to vary widely because of fluctuations in the prices of inputs and outputs. The TFP index shows an important fluctuation over the analysis period. This fluctuating trend is mainly due to the fluctuation of the Output index, which is explained by the variability of rain-fed agriculture in Jordan due to highly variable climate conditions. Empirical results indicated that inputs and outputs variables are ranging between 0.7% (e.g., natural resource quantity) and 18.2% (e.g., fertilizers values). Thus, the increase on production or outputs is the result form the use of traditional factors of production such as cultivated areas and little contribution from modern inputs (fertilizers and machinery) to the agricultural output growth is illustrated. Moreover, the findings show also an increasing trend American Journal of Industrial and Business Management 
TFP Growth Decomposition-Malmquist Index: Efficiency Change and Technological Progress
The objective of using the Malmquist Index was to be able to decompose the 
Determinants of TECH Growth
Results from the estimation of Equation (5) Source: Own elaboration form Equation (5) and database (2017). Note: *, **, *** are significant level at 1, 5, and 10%, respectively.
has thus recognized two explicit channels that allow human capital to influence agricultural economic development. A direct channel, in which human capital is a direct factor of production, contributing directly to output, and an indirect channel, in which human capital serves as a stimulus to technological change.
Given that technological progress may come to be the most important long-run driver of TFP growth, especially as economies reach the developmental frontier, in the long-run this source of human capital's impact on TECH growth is the most invariant, and potentially the largest impact human capital can have on the agricultural sector economic development. This implies that output can grow directly due to the increase on human capital stocks as well as augmentation of physical capital, labour and technology. Through the augmentation of the effective labour force in spillover models through investment in physical capital, or the growth in technology due to human capital devoted to research, the human capital factor is considered as and important driver of technological change and hence development has emerged as potential factor explaining the agricultural productivity growth in the studied countries.
The balanced territorial development indicator, measures as rural GDP per capita has a negative impact on TECH growth. The coefficient is negative in the three cases and significant at 5%, 10% and 1% level for Tunisia, Egypt and Jordan, respectively. The estimate implies that an increase in the rural GDP per capita by one percentage point, leads to a 0.15, 0.08 and 0.65 points decrease in
TECH. There is no doubt that development of agriculture in the three countries can play a direct role in rural poverty alleviation, since the majority of rural poor depend on agricultural activity for providing the main source of their income and employment. It also contributes indirectly to alleviate rural poverty because the state of agriculture influences that of the non-farm rural economy.
With regard to this negative relationship between technological change and rural poverty (proxied by rural GDP), the empirical evidence seems to lend support that technological change in agriculture can alleviate poverty both directly by raising the welfare of poor farmers who adopt the new technological innovation, as well as indirectly through the effects on the price of food for net buyers, and labor effects in agriculture. It is, therefore, possible for agricultural growth to be associated with worsening of the distribution of income. If, moreover, the deterioration is sufficiently severe, it can even cause parts of the rural population to become poorer in absolute terms, mainly for Jordan. This result indicates that agricultural activity is still a marginalized activity which is linked to low levels of income and is a source of employment for low productive labor.
This type of structural problem cannot be handled solely within the framework of an agricultural development strategy but implies a wider vision of integrated rural development where agriculture is developed in parallel/synergy with other economic sectors.
The impact of rural population on the TECH is different between the three countries. While, the coefficient is significant at different levels, this relationship A number of empirical studies indicated that agricultural economic growth is affected by the degree of trade openness (TO) and on other hand cause increasing degree of business. In addition, there is a common opinion that trade openness remains potential factor on explaining TECH growth. Empirical findings show a negative and significant relationship between TO and TECH in the Jordanian case. In reality, we expect a positive causality between the two variables. Therefore, such impacts are even negative or no significant with a low magnitude of the corresponding coefficients. This may be due to the deterioration of the terms of trade that our targeted countries experienced in the last three decades. This deterioration will, definitively, lead to compel the economy to decrease its final demand as the cost of imported goods increase, a development that does not favor TECH growth. Such findings confirms the results in Schiff and Valdéès (1992) where trade policies that lowered agriculture's terms of trade have been a major cause of the slow growth in developing countries-precisely the opposite of the intended effect from industry-led growth strategies. While there is a common consus on the significant role that rural infrastructure can play in improving agricultural productivity in developing economies, our findings indicates a no-significant and negative, in both Tunisian and Egyptian cases, relationship between this variable and TECH. This might indicate a low integration of farmers within large neighboring markets. Rural roads provide the important connectivity with growing markets adjacent to rural areas; they also lessen input costs and transaction costs of rural producers and consumers. Access to good infratsruce creates various income-earning opportunities for rural households and consequently provide rural households with feasible options for production, processing, marketing and distribution. Thus, it will help create the conditions for improved agricultural productivity. This highlighted the need for policy makers take a deeper look at their rural infrastructure strategy, knowing that it may affect the productivity of the agricultural sector as whole.
Discussion
Conclusions and Implications for Raising and Sustaining
Higher Agricultural Productivity Growth in MENA Countries
Concluding Remarks
We investigate the factors that affect total factor productivity growth in MENA countries. To this end, we start first by examining levels and trends in agricultural outputs and productivity growth using Torqnovist Indexes and then com- 
Policy Implications
The empirical findings suggest that farming activities in the three countries still need a lot of technical support, better extension, and enhancement of the comparative skills of farmers. A clear vision to promote and encourage a new generation of well-educated and specialized farmers in needed. Knowing that efficiency change had no effect on TFP means that most of the TFP growth in both countries was generated through technical change, making references to the acquisition of new technology in the farming activities. Turning to the determinants of the components of TECH, the paper also showed that TFP can be increased due to the increasing in human capital, share of the main crop harvested in each country, and resource reallocation-agricultural employment share. With respect to human capital, economic theory has thus recognized two explicit channels that allow human capital to influence agricultural economic development. A direct channel, in which human capital is a direct factor of production, contributing directly to output, and an indirect channel, in which human capital serves as a stimulus to technological change. This finding highlited the need to invest in knowledge for farmers with new technologies through training and extension programs.
The main cropland harvested in each country was found to be a potential explanatory determinant on the TECH growth. This result is highly important if we consider that wheat is already stated as among the most strategic crops for Tunisian and Algeria. The wheat sector is in fact highly subsidized from both consumer and producer sides, and the yields are largely below the standard potential of the two countries. The estimated coefficient is showing that the effect of this variable is large. This highlighted the need to develop new and tolerant varieties to drought, disease, and heat accompanied with an enhancement of their adoption by farmers in the two targeted countries.
Resources reallocation proxied by the agricultural employment share was significantly and positively affecting TECH in Tunisia and Egypt. This point toward and TECH growth when the rural employment share increases. Over the past three decades the share of agriculture in their respective gross domestic product (GDP) has been declining steadily in favour of other sectors. Moreover, these trends are evidenced by the decreasing contribution of agriculture to total employment and consequently to the GDP. A decline much faster than its decline as an employment provider sector. This would suggest that employment in agriculture should increase in Tunisia and Jordan and other employment should reduce while TECH in agriculture is promising, in rural areas where agricultural activity is still a marginalized activity and still linked to low levels of income and is a source of employment for low productive labor. This type of structural problems cannot be handled only in the framework of an agricultural development strategy but implies a wider vision of integrated rural development where agriculture is developed in parallel/synergy with other economic sectors.
Finally it is worth to indicate that although the research has reached its aims, there were some unavoidable limitations. First, the item series data are limited until 2012. We recognize that we need to expend the data and include additional variables. Second, since the data used in the model is applied with the finality to understand the main factors influencing the TECH; it seems not to provide enough evidence to what extent these factors could affect the TECH. In fact, it would have been sort of objective if another variable (i.e. investment in research and development) to assess its impact on the agriculture TFP in MENA.
